Attention deficit disorder (ADD) is generally considered the most prevalent childhood behavior problem (Ross & Ross, 1982) and is perhaps the most widely investigated disorder; hundreds of studies have examined ADD within the last two decades. Of significant interest to researchers are those issues relating to assessment and classification, especially in light of the change in perspective and nomenclature associated with the publication of the third edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III; American Psychiatric Association, 1980) . Much of this classification research has focused on the reliability and the validity of the differential diagnosis of attention deficit and conduct disorders (CD) (Campbell, 1983) .
Even though there now appears to be widespread agreement that ADD and CD are distinct disorders that differ in important ways (Hinshaw, 1987) , the research has also indicated that there remains a substantial area of covariation and overlap (Quay, 1979) . Theories regarding the etiology and treatment of ADD and CD are fairly distinct, but the children who present with these problems often display symptoms of both disorders, and it is not always easy to determine the optimal diganosis. There is, in fact, much to suggest that children who are symptomatic of both disorders differ from those who meet criteria for only one disorder in many significant ways, including social-status difficulties (Milich & Landau, in press ), observed playroom behavior (Roberts, 1979) , response to treatment (Pelham & Bender, 1982) , and long-term outcome (August, Stewart, & Holmes, 1983) .
Unfortunately, few guidelines exist to facilitate this important, albeit difficult, differential diagnostic decision. The validaThis research was supported by a University of Kentucky Summer Faculty Research Fellowship to the first author.
Correspondence concerning this article should be addressed to Richard Milich, Department of Psychology. University of Kentucky, Lexington, Kentucky 40506. tion studies undertaken to date have been aimed at identifying those symptoms that significantly differentiate between referred and nonreferred children (Hodges, Kline, Stern, Cytryn, & McKnew, 1982) or between different groups of referred children (Costello, Edelbrock, & Costello, 1985; Herjanic & Campbell, 1977) . In these validation studies, item statistics have rarely been considered, and when they have, they typically have been confined to sensitivity (true positive) and specificity (true negative) rates (see Costello et al., 1985) . However, these statistics are not directly relevant to the diagnostic decision process (Dawes, 1962 (Dawes, , 1986 Meehl & Rosen, 1955; Widiger, Hurt, Frances, Clarkin, & Gilmore, 1984) . Sensitivity indicates the probability that a child with a particular diagnosis will present with an identified symptom, but clinicians must know the probability that a child deserves a particular diagnosis when he or she presents with the symptom.
The statistics of relevance in the diagnostic process are positive predictive power (PPP), or the conditional probability of a disorder given the presence of a symptom, and negative predictive power (NPP), or the conditional probability of the absence of a disorder given the absence of the symptom (Dawes, 1962) . Sensitivity, specificity, PPP, and NPP are each derived from a 2 X 2 contingency table of hit rates, and these variables can be calculated from one another with the additional knowledge of the base rates of the disorders and symptoms. However, each variable provides different information about the relation of a symptom to a disorder (Widiger et al., 1984) . The PPP variable indicates the utility of the symptom (S) as an inclusion criterion and specifies the conditional probability of the disorder (D) given the symptom (p(D|S)]. The NPP indicates the value of the symptom as an exclusion criterion and specifies the conditional probability of not having the disorder given the absence of the symptom [p(D|S)J. The sensitivity variable indicates the conditional probability of having the symptom given the presence of the disorder [p(S|D)] and indicates the proportion of subjects with the disorder who will be identified by the symptom. It also provides some information about a symptom's efficiency as an exclusion criterion because the symptom that is almost always present when the disorder is present may rule out the disorder by its absence (Meehl & Golden, 1982) . The specificity variable indicates the conditional probability of not having the symptom given an absence of the disorder and indicates the proportion of subjects without the disorder who will not have the symptom [p(S|D)]. It provides some information about the symptom's efficiency as an inclusion criterion because the symptom that is rarely present when the disorder is absent may suggest by its presence that the disorder is present (Meehl & Golden, 1982) .
However, as Widiger, Frances, Warner, and Bluhm (1986) demonstrated (as will the present study), sensitivity and specificity are fallible as exclusion and inclusion statistics, respectively. Instead, we argue that PPP and NPP are the statistics relevant to the decision faced by the clinician who must make a diagnosis based on presenting symptoms.
To our knowledge, these statistics have not been examined in the research on the differential diagnosis of childhood disorders. The current study presents the sensitivity, specificity, positive predictive power, and negative predictive power of symptoms, generated from a structured psychiatric interview with the mother, in the diagnosis of attention deficit and conduct disorders. This difficult differential diagnostic decision challenges both researchers and clinicians and has implications for both treatment (Pelham & Murphy, 1986 ) and long-term outcomes (Milich & Loney, 1979) .
Method

Subjects
Subjects were 76 boys who had been referred to a child-psychiatry outpatient clinic and were seen again at a follow-up approximately 2 years later. The referral sample (N -100) consisted of consecutively referred 6-12-year-old boys who were not retarded or psychotic and included boys with a variety of behavioral problems and psychiatric disorders. At referral, each child received a DSM-III diagnosis based on the findings of a multidisciplinary case conference. Among the 100 boys, 24% received a diagnosis of attention deficit disorder alone; 20%, a diagnosis of conduct disorder alone; 10%, both diagnoses, and 46%, another or a deferred diagnosis. Thus, the sample reflected a heterogeneous distribution of behavior disorders. (See Milich, Loney, & Landau. 19 82, for a more detailed description of the selection criteria and sample characteristics at referral.)
Of the original 100 boys who were seen at referral, 17 families refused to participate in the follow-up investigation and another 6 families moved out of state, resulting in a follow-up sample of 77. One boy was in the custody of the state at follow-up; thus, a mother/guardian interview could not be obtained. The remaining 76 boys had a mean Wechsler Intelligence Scale For Children-Revised (Wechsler, 1974) Full-Scale IQ score of 98.8 (SD = 11.4), a mean socioeconomic status (SES; Hollingshead & Redlich, 1958) of 3.5 (SD = 1.2), and a mean follow-up age of ll.9years(S£> = 1.7).
Procedure
The data offered in the present study were only available at the 2-year follow-up. As part of the follow-up evaluation, the mother/guardian of each boy was interviewed by the first author using the parent version of the Diagnostic Interview of Children and Adolescents (DICA-P; Herjanic & Reich, 1982) . This interview is a highly structured questionnaire that Note. BR = base rate. N = 76. a BR for those with any CD diagnosis = .24.
b BR for those with any ADD diagnosis = .53.
examines a wide range of adaptive and maladaptive functioning of the child in multiple settings. Even though most of the questions are answered in a yes/no format, the examiner is required to probe most of the symptomatic questions for examples to support a positive response. Interview questions are structured according to the DSM-III diagnostic category or functional area (e.g., school history, prenatal history).
For the present study, only those questions dealing with the diagnostic categories of ADD and CD were analyzed.
The section leading to a diagnosis of ADD consisted of 4 screening questions and 31 symptomatic questions. Although the interview was designed to pass over the symptomatic questions if the mother responded negatively to all 4 screening questions, in the present study all 31 questions were asked of all mothers. These questions consisted of 15 pairs of parallel items dealing with home and school functioning plus 1 item dealing with restless sleep. Because this investigation involved variables derived from a parent interview, and to make the presentation of results more manageable, the analyses that follow will be limited to those 16 ADD items dealing with the child's functioning at home. These items represent the 16 diagnostic criteria for ADD as specified by the DSM-III (i.e., 5 items each dealing with attention problems and overactivity and 6 items dealing with impulsivity).
1
The mother's response to each question was initially coded into one of four categories: no problem, minor problem, major problem in the past, and current major problem. Because the present analyses required dichotomous data, the first two categories were coded as symptom-free and the latter two categories as symptom-present. A child received a diagnosis of ADD, with or without hyperactivity, in a fashion consistent with that prescribed by the DSM-III (e.g., at least three yes responses to the six impulsivity items).
With the revised criteria recommended by Herjanic (personal communication, June 28, 1983), a child received a diagnosis of conduct disorder if he met criteria on two or more of six nonaggressive items or on two or more of seven aggressive items. To meet criterion for a given symptom, it was necessary for the mother to report that the child engaged in the problem behavior on at least three separate occasions.
Results
Consistent with the procedures used by Costello et al. (1985) , no differentiation was made in the present analyses between the presence or absence of hyperactivity for boys diagnosed with ADD or between aggressive and nonaggressive conduct disorders. Table 1 indicates the number and percentage of boys with Nole. ADD = attention deficit disorder; CD = conduct disorder. BR = base rate (subjects with symptom divided by total subjects); SEN = sensitivity (subjects with disorder who have symptom divided by subjects with disorder); SPE = specificity (subjects without disorder who do not have symptom divided by subjects without disorder); PPP = positive predictive power (subjects with symptom who have disorder divided by subjects with symptom); NPP = negative predictive power (subjects without symptom who do not have disorder divided by subjects without symptom); PB = correlation of symptom and total number of symptoms (symptom is excluded from symptom list for own diagnosis). *p<.05. **/><.01. ***/x.OOL a diagnosis of ADD and/or CD. The conditional probability of an ADD diagnosis given CD was .67, whereas the conditional probability of CD given ADD was .30. These values are consistent with the ADD base rate of .53 and with the CD base rate of .24 established for this sample. Table 2 presents the base rates and the sensitivity, specificity, PPP, and NPP rates for each of the ADD and CD symptoms for the diagnoses of both ADD and CD. The table also contains the formulas used to calculate these statistics. The CD items, "expelled from school" and "purse-snatching," were not included because no child met criterion for either item, and, thus, the hit rates were either 0 or undefined. The ADD items obtained a mean PPP rate of .69 in identifying ADD, and this rate was identical to the mean PPP rate of the CD items identifying CD. However, sensitivity and specificity rates for the two sets of symptoms differed dramatically. The mean sensitivity and specificity rates were comparable for the ADD items (.64 and .66, respectively), whereas the CD items had relatively low sensitivity (.29) and high specificity (.97).
The PPP rates of the ADD items showed less variability than those of the CD items. The PPP rates for the ADD items ranged from .62 to .79 (SD = .05), whereas the CD PPP rales ranged from .38 to 1.00 (SD = .21). Table 2 also presents the pointbiserial correlation of each symptom with the total sum of the symptoms minus itself. The mean point-biserial correlation for the ADD symptoms was .50 (SD = . 11) and for the CD symptoms was .31 (SD = .18). The CD mean was in fact somewhat inflated by the exclusion of the two CD items ("expelled from school" and "purse-snatching") that obtained correlations of zero because they were not observed. Cronbach's alpha for the ADD symptoms was .87 and for the CD symptoms was .59
(again excluding the two CD symptoms).
It is also evident from Table 2 that some symptoms are more useful as inclusion criteria, others are more useful as exclusion criteria, and still others do not adequately serve either function. The ADD symptoms, "can't sit still," "restless sleeper," "games unfinished," and "runs around," were the most efficient symptoms for identifying the presence of ADD in this clinic sample of consecutively referred boys. As such, these items occurred with relatively low frequency (base rates of .25, .17, .28, and .26, respectively) and did not identify a large proportion of ADD children (sensitivity rates of .38, .25, .40, and .38, respectively). However, these symptoms were fairly specific to the disorder (specificity rates of .89, .92, .86, and .86, respectively) and represented the optimal inclusion criteria (PPP rates of . 79, .77, .76, and .75, respectively) . In contrast, the symptom, "easily distracted," is best used as an exclusion criterion. It occurred rather frequently (base rate of .80), was common to ADD children (sensitivity of .95), and its absence suggested strongly that an attention deficit disorder was not present (NPP rate of .87). Results also indicated that none of the ADD symptoms appears to be two-way pathognomic, that is, able to serve as both inclusion and exclusion criteria. For a particular child, freedom from the individual symptoms of being unable to sit still, sleeping restlessly, running around, and leaving games unfinished did not suggest strongly that ADD was absent (NPP rates of .56, .52, .55, and .56, respectively), nor did the presence of being easily distracted suggest that an ADD diagnosis was likely (PPP rate of .62).
The CD symptoms with the highest PPP rates were "running away" and "cruelty to animals." However, these behaviors occurred so infrequently (base rates of .03 and .01, respectively) that they may only be rarely useful in diagnosis. These low base rates also compromise the reliability of the PPP results. The symptom with the next highest PPP rate was stealing. Stealing appeared to be two-way pathognomic of conduct disorder. Its presence strongly suggested that a conduct disorder was present (PPP = .82) and its absence strongly suggested that a conduct disorder was not present (NPP = .86). However, it identified only half of the children with a conduct disorder (sensitivity = .50). The symptoms, "lies" and "suspended," appeared at first to be as useful as stealing. They obtained relatively high PPP rates (.74 and .73, respectively) . Lying also identified most of the CD children (sensitivity = .78). However, these symptoms were also suggestive of the presence of ADD (PPP = .74 and .73, respectively), which makes them ineffective for the differential diagnosis of ADD versus CD. Instead, lying was the most efficient symptom for ruling out conduct disorder. If the child did not lie, it was highly unlikely that he would have a conduct disorder (NPP = .93). The symptom, "sets fires," was also found to be efficient for a CD diagnosis, although, like stealing, it had a relatively low base rate. "Sets fires" obtained relatively high PPP and NPP rates (.78 and .84, respectively) and was not diagnostic of ADD (PPP = .56). Table 2 also reveals the interesting finding that many of the ADD symptoms were more useful than the CD symptoms in ruling out the presence of a conduct disorder. The absence of the symptoms, "doesn't listen," "acting without thinking," and "easily distracted," was just as useful as exclusion criteria for the CD diagnosis as any CD symptom. For example, if the mother reports that her son does listen, it is highly likely that he does not have a conduct disorder (NPP = .96).
Discussion
This investigation represents the first attempt to our knowledge to illustrate the utility of alternative measures of diagnostic efficiency (i.e., positive and negative predictive power) in the differentia] diagnosis of childhood disorders. Previous research examining these differences has focused almost exclusively on the differential prevalance of symptoms once the diagnosis had been established. Although such an approach is necessary to establish the descriptive validity of disorders, it offers little useful information to the clinician who first identifies the symptoms and must then derive a diagnosis (Dawes, 1962 (Dawes, , 1986 . For example, in the present study, the presence of each ADD symptom was significantly associated with an ADD diagnosis (phi coefficients examining these relations ranged from . 19 to .42), but this information says little about the diagnostic efficiency of these symptoms.
These results indicate that the symptoms with the highest covariation with the disorder (as indicated by such statistics as a point-biserial correlation or a phi coefficient) may not be the most useful in diagnosis. Some symptoms are particularly useful as inclusion criteria (e.g., "can't sit still"), whereas others are more useful as exclusion criteria (e.g., "easily distracted"). Thus, a symptom such as "easily distracted," which is considered to be a primary diagnostic indicator for ADD (see DSM-III), was found to have little utility as an inclusion criterion. However, it was an excellent exclusion criterion because the absence of this symptom effectively rules out attention deficit disorder. Such a conclusion could not have been reached, without additional calculations, from merely examining the correlation of this symptom with the disorder or with its sensitivity and specificity rates. Symptoms that are useful as both inclusion and exclusion criteria are indicated by high PPP and high NPP rates (e.g., "stealing" in the diagnosis of CD).
The results also indicate that both researchers and clinicians need to broaden their perspectives regarding the relation between a specific symptom and the ultimate diagnosis. Although they were associated with a specific diagnosis, symptoms were identified that actually had greater implications for ruling in or ruling out the other diagnosis. For example, the ADD item, "doesn't listen," although of little use in identifying ADD (PPP for ADD = .64), effectively excluded CD as a diagnosis (NPP for CD = .96). In this case, a mother's response of no to this item (i.e., my son does listen) would indicate that the child was not conduct-disordered. Results such as these further highlight the utility of analyzing PPP and NPP rates because it is impossible to predict a priori, for example, that a commonly assessed ADD symptom would actually have greater importance in the diagnosis of CD. Furthermore, these results reinforce a point made by Widiger et al. (1986) that it is not enough to examine sensitivity and specificity rates. In the case of "doesn't listen," a conclusion about its diagnostic utility for excluding a CD diagnosis would not have been revealed from these rates.
It is important to remember that the PPP and NPP rates obtained in the current study are dependent in part on the local base rates for ADD and CD. One might consider this to be a disadvantage of these statistics that implies instability and unreliability. Sensitivity and specificity may be considered by some to be preferable because their values are, in principle, independent of base rates. The proportion of ADD children who cannot sit still should not change, even though the rate of ADD children changes across settings, but the probability of ADD given the presence of the symptom, "can't sit still," will be different depending on the base rates of the behavior and the disorder. However, sensitivity and specificity do fail to be stable across settings (Robins, 1985) . Furthermore, being systematically affected by local base rates is a distinct advantage because such factors should be included in the diagnostic decision process (Meehl & Rosen, 1955) . The failure to assess the effect of a base rate on the probability of a disorder has been a common criticism of clinical decision-making (Dawes, 1962 (Dawes, , 1986 . In any case, the base rates in the current study are not atypical and, thus, are representative of other child psychiatry departments.
In one sense, the present investigation offers a heuristic examination of the utility of PPP and NPP rates in the diagnosis of externalizing childhood behavior disorders. As such, there are obvious limitations that need to be acknowledged. First and foremost, this study should be considered an investigation that addresses the internal cohesiveness of the diagnostic symptoms rather than their actual validity. The diagnoses derived for the present study came from the interviews themselves and, thus, do not represent independent assessments. However, these internal consistency data are relevant in a comparison of the relative importance and contributions of each item to a diagnosis in the same manner that sensitivity and specificity rates of the symptoms are informative in the descriptive validity of a diagnostic criteria set (Widiger et al., 1984 (Widiger et al., , 1986 . In addition, the diagnostic interview used in this study was designed to generate DSM-lll diagnoses from the actual responses of the parent and, thus, represents a reasonable analog to actual clinical practice. Nevertheless, additional studies could be undertaken to examine the relation between parent-reported symptoms and independently derived diagnoses, and these may reveal different probability rates.
The standardized interview used in this study was designed to represent the diagnostic criteria offered by the DSM-III. Therefore, the application of different diagnostic criteria and nomenclature could certainly change the pattern of results. This point takes on added significance because these criteria have currently been revised (DSM-III-R: American Psychiatric Association, 1987). However, the statistics used in this investigation can be applied to future classification schemes to facilitate diagnostic efficiency. The new diagnostic criteria for ADD contain a set of 14 symptoms, 8 or more of which will be necessary for a diagnosis (American Psychiatric Association, 1987) . This polythetic format will be ideally suited for the types of analyses described herein (cf. Clarkin, Widiger, Frances, Hurt, &Gilmore, 1983; Widiger etal., 1984) .
Our results also have implications for the diagnostic criteria offered in the DSM-III-R and for future editions of this diagnostic tool. For example, the 14 symptoms offered as criteria for ADD in the DSM-III-R are equally weighted, whereas the results of the present study suggest that some symptoms are more effective inclusion criteria than others. In addition, the DSM-III-R offers only inclusion criteria and makes no attempt to use symptoms as exclusion criteria. In the current study, the DSM-III-R symptoms, "easily distracted" and "doesn't listen," had little utility as inclusion criteria for ADD but were excellent exclusion criteria for ADD and CD, respectively.
It is evident that our analyses were not used to develop the diagnostic criteria for childhood disorders offered in the DSM-III-R. Similarly, many other recent advances in the classification of adult disorders have not yet found their way into the childhood literature. Some of the more promising leads include work on prototype categorization (Cantor, Smith, French, & Mezzich, 1980 ), on base rates and diagnosis (Finn, 1982) , and on conditional probabilities of combined symptoms (Clarkin et al., 1983) . (See Millon & Klerman, 1986 , for further discussion of recent issues in the classification of adult psychiatric disorders.) One of the purposes of the current article is to encourage researchers of childhood disorders to become exposed to these alternative classification procedures.
In summary, the results of the present investigation demonstrate that assumptions regarding a specific symptom's diagnostic utility must be evaluated empirically. In fact, several symptoms operated in a counterintuitive fashion to reveal greater implications for the diagnosis of the other disorder. These conclusions were not made apparent by earlier child clinical studies that investigated differential diagnostic issues. Instead, such studies examined the statistical significance of the relative frequency of the symptomatic features in various diagnosed comparison groups and ignored the question of which symptoms are most characteristic of a given disorder. Future investigations of this nature might also focus on the statistics of PPP, NPP, and base rates in examining the diagnostic utility of a symptom.
